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(54) ROAD SURFACE FRICTION COEFFICIENT DECIDING DEVICE AND METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a road surface 
friction coefficient deciding device capable of accurately 
deciding a coefficient of friction between a road surface 
and a tire during traveling of a vehicle from only wheel 
rotational speed information on four wheels, even if 
vehicle acceleration is not estimated, in a two-wheel 
drive vehicle. 

SOLUTION: In the two-wheel drive vehicle, this device is 
provided with a rotational speed detection means for 
detecting rotational speed of each wheels of the vehicle, pLW --S^ 
a speed arithmetic means for determining average wheel 
speed of drive wheels based on the detected rotational 
speed, a speed arithmetic means for determining average 
wheel speed of driven wheels, an acceleration/ 
deceleration arithmetic means for determining wheel 
acceleration/deceleration from the average wheel speed, 
an amplitude arithmetic means for determining amplitude 
of the wheel acceleration/deceleration, an intermediate 
value arithmetic means for calculating an intermediate 
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value of the amplitude and a road surface friction coeffcient decision means for deciding the 
coefficient of friction between the road surface and tire based on a relation of the amplitude of 
the drive wheels and the intermediate value of the driven wheels. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A rotational-speed detection means to detect the rotational speed of each wheel of a 
car in a two-flower actuation car, A vehicle speed operation means to ask for whenever 
[ average wheel speed / of a driving wheel ] based on the detected rotational speed, A vehicle 
speed operation means to ask for whenever [ average wheel speed / of a coupled driving 
wheel ], and an acceleration-and-deceleration operation means to ask for whenever [ empty 
vehicle ring acceleration-and-deceleration ] whenever [ said average wheel speed ], An 
amplitude operation means to ask for the amplitude of whenever [ this wheel acceleration-and- 
deceleration ], and a mean value operation means to calculate the mean value of this amplitude, 
Road surface coefficient-of-friction judging equipment which comes to have a road surface 
coefficient-of-friction judging means to judge coefficient of friction between a road surface and 
a tire based on relation with the mean value of the amplitude of said driving wheel, and the 
amplitude of said coupled driving wheel. 

[Claim 2] Road surface coefficient-of-friction judging equipment according to claim 1 which 
judges coefficient of friction between a road surface and a tire by having performed stratification 
for the amplitude of said driving wheel according to the mean value of the amplitude of said 
coupled driving wheel, having further data processing which evaluates dispersion in the amplitude 
by which stratification was carried out using a statistical procedure, and comparing with the 
threshold set up beforehand with said road surface coefficient-of-friction judging means. 
[Claim 3] The process which detects the rotational speed of each wheel of a car in a two-flower 
actuation car. The process which asks for whenever [ average wheel speed / of a driving wheel ] 
based on the detected rotational speed. The process which asks for whenever [ average wheel 
speed / of a coupled driving wheel ], and the process which asks for whenever [ empty vehicle 
ring acceleration-and-deceleration ] whenever [ said average wheel speed ], The road surface 
coefficient-of-friction judging approach which comes to have the process which judges 
coefficient of friction between a road surface and a tire based on relation with the mean value of 
the process which asks for the amplitude of whenever [ this wheel acceleration-and- 
deceleration ], the process which calculates the mean value of this amplitude, the amplitude of 
said driving wheel, and the amplitude of said coupled driving wheel. 

[Claim 4] The road surface coefficient-of-friction judging approach according to claim 3 of 
judging coefficient of friction between a road surface and a tire by having performed 
stratification for the amplitude of said driving wheel according to the mean value of the 
amplitude of said coupled driving wheel, having further the process which evaluates dispersion in 
the amplitude by which stratification was carried out using a statistical procedure, and comparing 
with the threshold set up beforehand with said road surface coefficient-of-friction judging 
means. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to road surface coefficient-of-friction judging 
equipment and an approach. It is related with the road surface coefficient-of-friction judging 
equipment and the approach of raising the engine performance and safety of a car in more detail 
by judging coefficient of friction between a road surface and a tire (road surface coefficient of 
friction) using the revolution information on four tire wheels. 
[0002] 

[Description of the Prior Art] Cars are slipping and a cone road surface, and when sudden 
acceleration and sudden braking are performed, they have the danger that a tire will carry out a 
slip in lifting spin etc. Moreover, when sudden steering is performed, there is a possibility that a 
car may start sideslipping and spin. 

[0003] Then, before the damping force between a tire and a road surface surpasses maximum 
and a tire is in a lock condition conventionally, the braking torque which acts on a wheel is 
reduced, the lock condition of a wheel is prevented, and the anti-lock brake equipment which 
controls the engine speed of the wheel from which the maximum damping force is acquired is 
proposed (reference, such as JP,60-99757,A and JP,1-249559,A). 

[0004] For example, by controlling a brake force in agreement with the criteria slip ratio to which 
the this calculated slip ratio is set beforehand, after calculating slip ratio from whenever 
[ presumed rate / of a car / and wheel speed / which was detected ] (rotational speed), it 
consists of control of anti-lock brake equipment so that the maximum damping force may be 
followed. 

[0005] In control of such ABS equipment etc., the coefficient of friction mu of a road surface is 
used. That is, corresponding to the road surface coefficient of friction mu (road surface mu), a 
case high [ mu ] and in a case low [ mu ], the content of control is changed, and it is made to 
perform optimal control. 
[0006] 

[Problem(s) to be Solved by the Invention] With the equipment of said JP,60-99759,A, it asked 
for coupled driving wheel empty vehicle both the acceleration at the time of slip generating, and 
the road surface mu is presumed using this acceleration. 

[0007] That is, when according to this official report car acceleration is set to A at the time of a 
slip and car weight is set to W, the driving force F which acceleration of a car takes is called for 
by F=W-A/g (g is gravitational acceleration). On the other hand, this driving force F can be 
decided by frictional force between a driving wheel and a road surface, and can be expressed as 
F=mu-Wr using Load Wr and the road surface mu which join a driving wheel. A road surface mu 
is called for as mu=W/Wr-gxA from these two formulas. 

[0008] However, the road surface mu called for by this formula transposes the acceleration of 
the coupled driving wheel which only differentiated and asked for the rotational speed of a 
coupled driving wheel to the car acceleration A, and it does not know whether are the road 
surface mu in the event of computing this car acceleration A, and it is the road surface mu 
between actual road surfaces and tires, but its possibility when that is not right probable is 
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overwhelmingly high. 

[0009] Therefore, if various car kinematic control, such as ABS, is performed based on such a 
road surface mu, since it is not control corresponding to the actual road surface mu, there is a 
possibility of performing unsuitable control. Moreover, when warning a driver of their being 
slipping and a cone road surface, there is a possibility of emitting a false report, on said 
presumed road surface mu. Furthermore, since the slip ratio from which the maximum damping 
force is acquired by the road surface mu differs, when follow-up control is performed with the 
fixed criteria slip ratio, a brake stopping distance becomes long or a possibility that a tire may 
lock is in reverse. 

[0010] Then, these people presumed whenever [ car order acceleration-and-deceleration ], and 
have proposed the approach (Japanese Patent Application No. No. 349107 [ 1 1 to ]) of carrying 
out stratification of the time variation of whenever [ average acceleration-and-deceleration / of 
four flowers or a driving wheel ] with the magnitude of whenever [ order acceleration-and- 
deceleration ], and the approach (Japanese Patent Application No. No. 347909 [11 to ]) of 
carrying out stratification with the magnitude of dispersion in the roll acceleration of four 
flowers. By these approaches, since whenever [ order acceleration-and-deceleration ] can be 
presumed with a sufficient precision by using additional data, such as an acceleration sensor (G 
sensor), in case whenever [ car order acceleration-and-deceleration ] is presumed, a road 
surface mu can be presumed with a sufficient precision. Moreover, G sensor was not needed, 
that is, these people have proposed the approach of carrying out stratification from the 
amplitude of whenever [ wheel revolution acceleration-and-deceleration ], and the relation of a 
mean value as an approach that it is not necessary to presume car acceleration (application for 
patent 2000-58920). This approach is an approach effective in especially a four-wheel drive car. 
However, speaking of the two-flower drive pulley, it is known that the input sources which the 
rotational speed of a driving wheel and a coupled driving wheel causes the revolution differ 
notably especially in an acceleration condition since a driving wheel is an engine torque and a 
coupled driving wheel is a road surface. 

[001 1] Paying attention to the phenomenon, this invention does not need additional data, such as 
G sensor, but aims at offering the road surface coefficient-of-friction judging equipment and the 
approach of judging coefficient of friction between the road surface of the car under transit, and 
a tire with a sufficient precision only from four wheels rotational-speed information. 
[0012] 

[Means for Solving the Problem] A rotational-speed detection means by which the road surface 
coefficient-of-friction judging equipment of this invention detects the rotational speed of each 
wheel of a car in a two-flower actuation car, A vehicle speed operation means to ask for 
whenever [ average wheel speed / of a driving wheel ] based on the detected rotational speed, A 
vehicle speed operation means to ask for whenever [ average wheel speed / of a coupled driving 
wheel ], and an acceleration-and-deceleration operation means to ask for whenever [ empty 
vehicle ring acceleration-and-deceleration ] whenever [ said average wheel speed ], An 
amplitude operation means to ask for the amplitude of whenever [ this wheel acceleration-and- 
deceleration ], and a mean value operation means to calculate the mean value of this amplitude, 
It is characterized by coming to have a road surface coefficient-of-friction judging means to 
judge coefficient of friction between a road surface and a tire based on relation with the mean 
value of the amplitude of said driving wheel, and the amplitude of said coupled driving wheel. 
[0013] Moreover, the process at which the road surface coefficient-of-friction judging approach 
of this invention detects the rotational speed of each wheel of a car in a two-flower actuation 
car, The process which asks for whenever [ average wheel speed / of a driving wheel ] based on 
the detected rotational speed, The process which asks for whenever [ average wheel speed / of 
a coupled driving wheel ], and the process which asks for whenever [ empty vehicle ring 
acceleration-and-deceleration ] whenever [ said average wheel speed ], It is characterized by 
coming to have the process which judges coefficient of friction between a road surface and a 
tire based on relation with the mean value of the process which asks for the amplitude of 
whenever [ this wheel acceleration-and-deceleration ], the process which calculates the mean 
value of this amplitude, the amplitude of said actuation width of face, and the amplitude of said 
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coupled driving wheel. 
[0014] 

[Embodiment of the Invention] Hereafter, based on an accompanying drawing, the road surface 
coefficient-of-friction judging equipment and the approach of this invention are explained. 
[0015] The block diagram in which drawing 1 shows the gestalt of 1 operation of the road 
surface coefficient-of-friction judging equipment of this invention, The block diagram showing 
the electric configuration of road surface coefficient-of-friction judging equipment [ in / in 
drawing 2 / drawing 1 ], The explanatory view in which drawing 3 shows the relation between the 
absolute value of the amplitude of whenever [ acceleration-and-deceleration / of a driving 
wheel ], and the mean value of the amplitude of whenever [ acceleration-and-deceleration / of a 
coupled driving wheel ], Drawing showing the relation between the absolute value of the 
amplitude of whenever [ acceleration-and-deceleration / of a driving wheel / in / in drawing 4 / 
dry asphalt ], and the mean value of the amplitude of whenever [ acceleration-and- 
deceleration / of a coupled driving wheel ], Drawing and drawing 6 which show the relation 
between the absolute value of the amplitude of whenever [ acceleration-and-deceleration / of a 
driving wheel / in / in drawing 5 / a hardened snow way ] and the mean value of the amplitude of 
whenever [ acceleration-and-deceleration / of a coupled driving wheel ] are drawing showing the 
relation between the absolute value of the amplitude of whenever [ acceleration-and- 
deceleration / of the driving wheel in a flow way ], and the mean value of the amplitude of 
whenever [ acceleration-and-deceleration / of a coupled driving wheel ]. 
[0016] As shown in drawing 1 , the road surface coefficient-of-friction judging equipment in 
connection with the gestalt of 1 operation of this invention equips the tires FLW, FRW, RLW, and 
RRW of a four-flower car with a rotational-speed detection means S to detect the rotational 
speed of the wheel tire prepared, respectively, and the output of the detection means S is 
transmitted to the control units 1, such as ABS, whenever [ this wheel speed ]. Moreover, as 
shown in drawing 2 , the alarm-display machine 2 which is the display means constituted [ CRT / 
a liquid crystal display component, a plasma display device or ] is connected to this control unit 
1. 3 is an initialization switch operated by the operator. 

[0017] as said rotational-speed detection means S — electromagnetism — it can generate 
electricity using a revolution like the wheel speed sensor which is made to generate a revolution 
pulse using pickup etc. and measures rotational speed from the number of pulses, or DYNAMO, 
and the angular-velocity sensor containing what measures rotational speed from this electrical 
potential difference etc. can be used. 

[0018] As said control unit 1 is shown in drawing 2 , I/O interface 1a required for delivery of a 
signal with an external device, CPU 1b which functions as a center of data processing, and 
ROMIc in which the control action program of this CPlMb was stored, In case said CPU1b 
performs control action, data etc. are written in temporarily, or the written-in data consists of 
RAM1d by which reading appearance is carried out. 

[0019] Since the method of acceleration and a slowdown is different when a car accelerates or 
slows down, and it is micro and sees, whenever [ wheel speed ] is also accelerating the 
seemingly same acceleration with dispersion to a high mu way on the low mu way. Moreover, in 
two-flower actuation, dispersion in the acceleration of a driving wheel and a coupled driving 
wheel has a difference as large as low [ mu ]. 

[0020] Its attention is paid to this. With the gestalt of this operation, to said control unit 1 as 1st 
solution means A vehicle speed operation means to ask for whenever [ in a certain flash / 
average wheel speed / of a driving wheel ] based on the rotational speed detected by said 
rotational-speed detection means S, A vehicle speed operation means to ask for whenever 
[ average wheel speed / of a coupled driving wheel ], and an acceleration-and-deceleration 
operation means to ask for whenever [ empty vehicle ring acceleration-and-deceleration ] 
whenever [ said average wheel speed ], It has an amplitude operation means to ask for the 
amplitude of whenever [ this wheel acceleration-and-deceleration ], a mean value operation 
means to calculate the mean value of this amplitude, and a road surface coefficient-of-friction 
judging means to judge coefficient of friction between a road surface and a tire based on relation 
with the mean value of the amplitude of said driving wheel, and the amplitude of said coupled 
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>r^^for said amplitude, it is desirable tha^^^ 



driving wheel. In addition, as for said amplitude, it is desirable that rtis the amplitude of an 
absolute value. 

[0021] Moreover, with the gestalt of this operation, according to the mean value of the amplitude 
of said coupled driving wheel, stratification was performed for the amplitude of said driving wheel 
as 2nd solution means, and it has further statistics data processing which evaluates dispersion in 
the amplitude by which stratification was carried out using a statistical procedure. Said 
statistical procedure is processing which computes the average or standard deviation. 
[0022] With the gestalt of this operation, when it is judged by said road surface coefficient-of- 
friction judging means that a road surface is low [ mu ], an alarm is emitted with said alarm- 
display vessel 2. 

[0023] Hereafter, actuation of the road surface coefficient-of-friction judging equipment of the 
gestalt of this operation is explained later on along with procedure ** - **. 
[0024] ** Compute each rotational-speed empty vehicle ring rate (V1n, V2n, V3n, V4n) of the 
four-flower tires FLW, FRW, RLW, and RRW of a car. 

[0025] For example, the wheel speed data at the time of there being each wheel tires FLW, FRW, 
RLW, and RRW of the car obtained from sensors, such as an ABS sensor, are set to V1n, V2n, 
V3n, and V4n whenever [ wheel speed ]. 

[0026] ** Subsequently calculate [ whenever / average wheel speed / of a coupled driving 

wheel ] Vdn whenever [ Vmn and average wheel speed / of a driving wheel ]. 

[0027] Vdn is calculated [ whenever / average wheel speed / of the coupled driving wheel at a 

certain event (in a front-wheel driven case, it is a rear wheel) ] by the following formula (1) and 

(2) whenever [ average wheel speed / of Vmn and a driving wheel (in a front-wheel driven case, 

it is a front wheel) ]. 

[0028] 

[Equation 1] 

Vm n = • • • (1) 

2 

Vl n + V2 n 
Vd n = • • ■ (2) 



[0029] ** If the wheel speed data in front of one are subsequently set [ whenever / average 
wheel speed / of a coupled driving wheel / whenever / Vmn and average wheel speed / of a 
driving wheel ] to Vmn~1 and Vdn-1 whenever [ Vdn / wheel speed / of a coupled driving 
wheel ], Amn and Adn will be calculated by the following formula (3) and (4) whenever [ wheel 
acceleration-and-deceleration / of a coupled driving wheel and a driving wheel ], respectively. 
Amn=a-(Vmn-Vmn -1)/deltat/g ... (3) 
Adn=a-(Vdn-Vdn -1)/deltat/g ... (4) 

[0030] deltat is Vfn, Vmn, Vdn, and the time interval (sampling time) of Vfn-1, Vmn-1, and Vdn-1 
here whenever [ wheel speed / which is computed from wheel speed data ], g is gravitational 
acceleration, and a is a constant (1/3.6) for doubling the unit of whenever [ wheel speed ] 
(km/h), and the unit of acceleration (m/s). As said thump RUNGU time amount, 1 or less second 
is desirable and is 50 or less ms more desirably, for example. 

[0031] ** Subsequently compute the amplitude Dn of whenever [ wheel acceleration-and- 
deceleration / of a coupled driving wheel and a driving wheel ]. 

[0032] Here, the amplitude can be made into the variation (peak-to-peak-amplitude value) of 
each wave-like peak to peak of the time series data An of whenever [ acceleration-and- 
deceleration ]. For example (An~An -1) x(An~1~An-2) <=0 ... (5) 

If [ come out and / in a certain case ] Pi=An -1, the amplitude Dn will be computed by the 
following formula (6). 
Dn=Pi-Pi -1 ... (6) 

[0033] ** Subsequently compute the mean value Mn and absolute value En of said amplitude 
from the following formula (7) and (8). Here, since the amplitude of positive/negative is computed 
by the amplitude Dn, it is desirable on count to use the amplitude En of an absolute value. 
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Mn= (Pi+Pi -D/2 ... (7) 
En=**Dn** ... (8) 

[0034] ** Subsequently plot the relation between said mean value Mn of a coupled driving wheel, 
and said absolute value En of a driving wheel, and judge a road surface mu depending on how 
depending on which the absolute value En at this time varies. 

[0035] That is, as shown in drawing 3 , the field of an absolute value En is made into Area A, B, 

and C using the thresholds SI and S2 (for example, SI =0.1 5, S2=0.25) set up beforehand, and a 

road surface mu is judged by in which area dispersion in an absolute value En exists. 

[0036] For example, if an absolute value En is less than [ threshold SI ] (area A), it is high 

[ mu ], and it is low [ mu ] if it is into mu if it is less than [ threshold S2 ] (area B), and it is more 

than threshold S2 (area C). 

[0037] Therefore, with the gestalt of this operation, the coefficient of friction mu between a road 
surface and a tire can be judged based on the relation between an absolute value and the mean 
value of the amplitude of whenever [ acceleration~and-deceleration / of a coupled driving 
wheel ] as preferably as the amplitude of whenever [ acceleration-and-deceleration / of a 
driving wheel ] from said procedure **-**. 

[0038] However, drawing 4 and the result of 6 show the amplitude of whenever [ acceleration- 
and-deceleration / of said driving wheel ] not showing a fixed value according to the magnitude 
of coefficient of friction of a road surface, and being accompanied by fluctuation. That is, by the 
data ( drawing 6 ) in a flow way, the data ( drawing 4 ) of dry asphalt and the data of this level 
are also intermingled in that data with the big amplitude exist, and coincidence. 
[0039] So, with the gestalt of this operation, according to a mean value, stratification is further 
performed for said amplitude, dispersion in the amplitude by which stratification was carried out 
is evaluated with a statistical procedure, for example, the average, or standard deviation, and the 
coefficient of friction mu between a road surface and a tire is judged more to accuracy. 
[0040] ** Carry out stratification of the absolute value En of the amplitude of a driving wheel 
with the magnitude of the mean value Mn subsequently acquired from the time series data of 
whenever [ wheel acceleration-and-deceleration / of a coupled driving wheel ], and evaluate the 
absolute value En by which stratification was carried out. 

[0041] For example, it asks for the average AVE of an absolute value En or standard deviation 
sigman which is within the limits of each break by 0.05G unit about the range whose mean value 
Mn is -0.2G-+0.2G. 

[0042] For example, standard deviation sigman is called for by the following formula (9). 

[0043] 

[Equation 2] 




on= / — £ (Ei-E)2 • • • (9) 

£E (=AVE) £T£o Z.<DmmTZ>®1kiZ. <L<KE5£2n£*>tf>-e 

[0044] in addition, according to the usual run state (condition of not performing sudden 
acceleration and sudden braking), the mean value of a coupled driving wheel comes out to this 
extent, had been referred to as -0.2G-+0.2G, and it shows that a road surface mu can be judged 
to the usual transit. Moreover, if acceleration and sudden braking are performed, a tire slips and 
there is an approach a road surface otherwise judges whether they are slipping and a cone. 
[0045] ** Subsequently each predetermined threshold L is beforehand set up to the average 
AVE or standard deviation sigman, and if the threshold L is surpassed, it will judge with it being a 
low mu way. or — if two thresholds are set up, it is less than [ threshold L1 ] and it is a high mu 
way (for example, dry asphalt) and less than [ more than L1L2 ] — an inside mu way (for 
example, way on the snow) — if it becomes two or more [ L ], it will judge with it being a low mu 
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way (for example, Hikami way). 
[0046] ** Next, carry out the alarm of the information on a road surface (slipping, cone, etc.) to 
a driver. 

[0047] Furthermore, the condition of a road surface is used for control of ABS equipment, TRC 
equipment, etc. 

[0048] Although this invention is explained based on an example below, this invention is not 

limited only to this example. 

[0049] 

[Example] First, as a four-flower tire of a two-flower drive pulley (FF), the studless tire 
(SUMITOMO RUBBER INDUSTRIES, LTD. make glass pick HS-1) was used, and rectilinear- 
propagation transit of the dry asphalt way R1, the hardened snow way R2, and the flow way R3 
was carried out for the car. The transit conditions at this time are the acceleration transit (less 
than [ acceleration 0.1 G ]) slowly made also into each road surface from 20 km/h. Since 
acceleration and a slowdown had to be seen in micro, since the sampling time of whenever 
[ wheel speed / of a wheel ] had the too long sampling time, they set it to 40ms, for example in 1 
second. 

[0050] After incorporating whenever [ wheel speed ] and computing whenever [ average wheel 
speed / of a driving wheel and a coupled driving wheel ] based on the wheel speed pulse 
outputted from a rotational-speed detection means, the time series data of whenever [ each 
average wheel acceleration-and-deceleration ] are computed, and the mean value of each wave 
amplitude (the amount of peak-to-peak value changes) and its amplitude is calculated. 
[0051] Said all data are calculated while being sampled every 40ms. If stratification is performed 
and number are recording of predetermined is carried out by the magnitude of the mean value of 
the amplitude of whenever [ acceleration-and-deceleration / of a coupled driving wheel ] within 
fixed limits in the data of the amplitude of whenever [ acceleration-and-deceleration / of said 
driving wheel ], it asks for standard deviation sigman of the predetermined number further, and 
saves in the control unit. 

[0052] The result is shown as relation between the absolute value En of the amplitude of 
whenever [ acceleration-and-deceleration / of the driving wheel of each road surface (R1-R3) ], 
and the mean value Mn of the amplitude of whenever [ acceleration-and-deceleration / of a 
coupled driving wheel ], as it is in drawing 4 -6. As shown in drawing 4 -6, a road surface (flow 
way < hardened snow way < dry asphalt way) with lower coefficient of friction is known by that 
dispersion in the absolute value En of the amplitude of whenever [ acceleration-and- 
deceleration / of a driving wheel ] is large. 

[0053] Next, since [ 50 ] the magnitude of dispersion in the absolute value En of the amplitude of 

this driving wheel was evaluated, a table 1 asked for standard deviation sigman when being 

accumulated. That is, the mean value Mn of a coupled driving wheel shows the value of standard 

deviation sigman when 50 absolute values En of the amplitude of a driving wheel are accumulated 

in -0.02G-+0.02G (range I), +0.02G-+0.06G (range II), and +0.06G-+0.1G (range III), respectively. 

[0054] 

[A table 1] 

* 1 











mm i 


0. 023 


0. 047 


0. 069 


tiffin 


0. 027 


0. 055 


0. 091 




0. 030 


0. 064 


0. 108 



[0055] Here, as shown in a table 2, a road surface mu can be judged to said standard deviation 
sigman by in which layers AR1, AR2, and AR3 close standard deviation sigman of the absolute 
value En of the amplitude is by carrying out 2 (for example, setting in Range I L 1= 0.03 and L 2= 
0.06) setting out of the threshold beforehand. 
[0056] 
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[A table 2] 



^ — , ra an Se 

Mn 
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[0057] And optimal control according to a road surface mu can be performed by using the 
information on this presumed road surface mu for ABS equipment, TRC equipment, etc. 
Moreover, when judged as a low mu way, caution can be urged to a driver that they are slipping 
and a cone road surface. 
[0058] 

[Effect of the Invention] Even if it does not presume whenever [ acceleration-and- 
deceleration / of a car ], according to this invention, a road surface mu can be distinguished with 
a sufficient precision only for the four wheels rotational-speed information on a two-flower drive 
pulley, as explained above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the gestalt of 1 operation of the road surface 
coefficient-ofHriction judging equipment of this invention. 

[Drawing 2] It is the block diagram showing the electric configuration of the road surface 
coefficient-of-friction judging equipment in drawing 1 . 

[Drawing 3] It is the explanatory view showing the relation between the absolute value of the 
amplitude of whenever [ acceleration-and-deceleration / of a driving wheel ], and the mean 
value of the amplitude of whenever [ acceleration-and-deceleration / of a coupled driving 
wheel ]. 

[Drawing 4] It is drawing showing the relation between the absolute value of the amplitude of 
whenever [ acceleration-and-deceleration / of the driving wheel in dry asphalt ], and the mean 
value of the amplitude of whenever [ acceleration-and-deceleration / of a coupled driving 
wheel ]. 

[Drawing 5] It is drawing showing the relation between the absolute value of the amplitude of 
whenever [ acceleration-and-deceleration / of the driving wheel in a hardened snow way ], and 
the mean value of the amplitude of whenever [ acceleration-and-deceleration / of a coupled 
driving wheel ]. 

[Drawing 6] It is drawing showing the relation between the absolute value of the amplitude of 
whenever [ acceleration-and-deceleration / of the driving wheel in a flow way ], and the mean 
value of the amplitude of whenever [ acceleration-and-deceleration / of a coupled driving 
wheel ]. 

[Description of Notations] 

1 Control Unit 

2 Alarm-Display Machine 

3 Initialization Switch 
FLW, FRW, RLW, RRW Tire 
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